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ii.

ABBREVIATIONS AND SPECIAL WORDS

A, amps Amperes
accel Acceleration
Avg Average
CS Circuit breaker or interrupter
cc Cubic centimeters - measure of start fuel flow
DC Direct current
0 or OF Degrees fahrenheit
46T Differential temperature
DFA Arctic diesel fuel for cold testing
DF2 ASTMD-975 #2 diesel fuel
ECA Electronic Control Assembly
ETR Engineering Test Report
ft Feet (altitude in most applications herein)
F.U. Fire-up or start
Fuzz Minor metallic particles as contrasted to "chips"
Gen Set Generator set model number 04045B03, Serial 0000003
Hz Hertz--measure of output frequency and a direct

indication of generator set speed
IF D.C. current to operate the fuel valve
K(5) K number represents a control relay
KW Kilowatts - electrical load applied
lab Fuels laboratory at Plant 5
ma Milliamperes - measure of fuel valve current
Mil-Std 705B The Military Specification applied to the test
min Minimum or minutes
MOP Main oil pressure
Nl Gasifier speed recorded from the ECA test connector
N2 Output speed recorded from the ECA test connector
NEG Negligible - used in connection with measurements

where the width of the printed line is as wide
as the variation of the line level.

No., # Number
O.T. Overtemperature
O.V. Overvoltage
PD Purchase Description document

Percent
Less than, greater than

pf Power factor, lagging
P/N Part number
pt Point (Cloud pt, pour pt, etc.,)
psig Pounds per square inch - gage, pressure
QC Quality Conformance, Quality Control as applicable

to instrumentation
qts Quarts
RDG Reading - hand data
rpm Revolutions per minute - speed
SEC Second (time)
S/N Serial number
STD Standard
Standard
Instrument The special calibrated generator monitor for

reading accurate electrical data.
T1 Temperature at engine air inlet



Abbreviations & Special Words (Continued)

T4  Burner outlet or gasifier turbine inlet temperature
read from a pair of commercial control
thermocouples

T6 Power turbine outlet temperature
TI Texas Instruments, 2 channel recorder
UV Undervoltage
V Volts
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- FOREWORD -

The pose of ths test was to coquct envil ental tests at
+l F, 5,000 Ft titude and 10W 8000/t. altitude and
950F and with 606ST(from about 80 7 to 20 F). These tests
were to be completed per Test Request AD5210-01-501A, Purchase <
Description and Military Specification Mil Std 705B. In
ad4ction, the testing was to include cold testing at -250F and
-50OF to meet the requirements of the Purchase Description and
Nil-Std 705B. The Environmental tests were to be completed on
Contract No. D K70-78-0056 while the cold tests were to be
covered on Conkact No. DAAK70-78-C-0124.

SUMMARY

Model 04045B03 Generator Set S/N 0000003 (with IGT 404-4 Engine
S/N T000003) was installed in Test Cell 873 for environmental
tests and Cold tests on June 28, 1979. Initial ambient checkout
tests were completed June 9 after correcting various test equip-
ment problems. Engine-gen set problems involved failure of two
reverse polarity diodes and several "undervoltage load dump"
incidents.

The test results at +1250F, ambient pressure conditions were as
follows: (Addendum B)

1. The unit was running with a blinking overtemperature (OT)
light at rated power and underspeed tests could not be
accomplished without T6 overtemperature shutdowns.

2. During the Regulator Range test, and all subsequent testing,
the Texas Instruments (T.I.) recorder indicated high voltage
regulation values while the "standard instrument" indicated
values well within limits. This was probably due to hysteresis
in the T.I. recorder.

3. Undervoltage load dumps were due to a broken wire causing
a ground on relay K7. This was corrected.

4. Only one of one hundred five parameters was out of limits
on the indicating instrument test (panel comparison).

5. Transient conditions were out of limits on 12 of 70 para-
meter conditions on the Frequency and Voltage Regulation,
Stability and Transient Response test. Four (4) of these
twelve (12) parameters were voltage regulation as measured
by the T.I. recorder which I suspeced of hysteresis.
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6. The overload relay could not be set properly.

7. Long term stability was within prescribed limits.

8. After installation of parallel reverse polarity diodes,
the DC control tests were successful.

9. Battery charging tests successfully demonstrated the

necessary capability.

10. The Run, Shutdown, and Restart test was successful.

11. Overvoltage relay operation was up to 5.8 percent faster
than the .180 second minimum limit.

12. Voltage Dip and Rise tests were satisfactory.

During the 600 A T test (Drift) the regulated voltage and frequency
remained within prescribed limits.

Engine and exciter parameters performed as expected with
characteristic reductions as the ambient temperature was
reduced (Enclosures AD5210-00012 and 00013).

All testing at 5,000 feet altitude and 1070F was accomplished
with the O.T. light blinking at 148.2 KW (1.21 percent below
the 150 KW rating). At one point the power was raised to
150 KW and the OT light was still not on all the time. The
tests at 5,000 feet altitude and 107oF had the following results:
(Addendum C)

1. On the Regulator Range test, all parameters were within
limits (based on the standard instrument digital data).

2. The results of the Frequency and Voltage Regulation, Sta-
bility and Transient Response test indicated nine (9)
frequency transient parameters plus five voltage regulation
(from TI recorder) wore out of limits.

3. On the indicating instrument test at 5,000 feet and 1070F,
eight (8) voltage readings (at 75 and 100 percent load)
were WTOIoUS beyond allowable limits.

4. Testing could not be done at rated load, underspeed
conditions.
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The testing at 8,000 feet altitude (Addendum D) with rated
power at 138 KW provided the following results:

1. The errors in voltage readings, on the indicating
instrument test, were on seven (7) of the same eight
(8) that were erroneous at 5,000 feet and 1070 F.

2. The Regulator Range test results were good, based on
the standard instrument data.

3. Testing could not be accomplished at underspeed, rated
load conditions.

4. During the Frequency and Voltage Regulation, Stability
and Transient Response test, seven (7) frequency transient
parameters and three (3) voltage regulation values
(based on T.I. recorder) were out of limits.

An overtemperature shutdown was demonstrated with 1250 F conditions
in the test chamber. The engine reached the acceleration temp-
erature limit and the O.T. shutdown limit at about the same time.
But, due to the OT shutdown delay, the engine decelerated to an
underfrequency trip condition, then shut down at the same time
it was unloaded.

During the preparations for -250 F Cold testing a starter solenoid
failure caused extended motoring. This motoring, in turn,
appeared to have caused, due to inadequate lubrication, a
gasifier pinion gear bearing failure.

After the unit was repaired, three tests were attempted unsuccess-
fully after 24 hour soak (each) at -25 F. T ting on a field
engine indicated that reduction in the clutc cooling oil flow
allowed successful starts at extreme cold conditions. With the
installation of a plug to reduce clutch cooling oil flow, the
-25°F start and operation were successful. The following results
were obtained at -250 F: (Addendum E)

1. The Regulator Range test results based on the standard
instrument were within limits.

2. The only values out of limits on the Frequency and Voltage
Regulation, Stability and Transient Response Test were
voltage regulation values (4 places) based on TI recorder
data.

' ,.
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3. The instruments on the gen set were out of limits on 20
of 45 voltage values (error as high as 3.8 volts at
208 volts) on the Indicating Instrument test.

After the normal preparations, the -500F testing was initiated
with a successful start and loading within one minute. However,
soon after the loading occurred, the unit emitted two howls and
a loud "pop." The pop was apparently due to the quill shaft
failing as secondary damage when the power turbine roller bearing
failed (lack of lubrication - cooling).

The engine was repaired, check run and shipped to MERADCOM,
Ft. Belvoir, VA. Further design analysis is being accomplished
to prepare future engines for extreme cold operation. No
corrections were made for this problem in engine S/N 0000003.

RECONMENDATI ONS

1. Since the P.D. dated August 3, 1979, still contains the
requirement to load to rated load in one minute, further
cold tests should be conducted (prior to production units)
to insure that the changes for extreme cold cperation are
satisfactory. A Purchase Description change should be
considered.

2. The average engine must be improved to insure satisfactory
performance at altitude or hot day and underspeed (388 Hz)
conditions.

3. Improvements in the overload relay and main circuit inter-
rupter should be proven before production (first Article)
test are initiated.

4. The frequency adjustment range should be extended so the
adjustment is not marginal for the tests requiring +3
percent adjustment.

5. Serious consideration should be given to the possible
problem of icing or blockage of the air inlet particle
separators (filters). One possibility might be to increase
the compressor discharge bleed flow, at an unloaded condi-
tion, to warm up and defrost the filters.
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6. Since the PD (August 3, 1979) has not changed relative to
the frequency transients, significant changes are required
to meet the limits. Additional testing should be accom-
plished to prove those fixes. This also may require a
P.D. change.

DISCUSSION

Factual Data

Generator Set Model No. 04045B03
Generator Set Serial No. 0000003
Generator Set Builds 4-6
Engine Model No. GT404-4
Engine Serial No. T000003
Engine Builds 6-8
Test Stand No. 873
Fuel DF2/DFA
Lube Oil MIL-L-7808
Test Started - Date 6-28-79

- Clock Time 29.6 Hrs.
- Gen Set Time 29.6 Hrs.
- Engine Time 76.0 Hrs.

Test Ended - Date 9/24/79
- Clock 150.9 Hrs.
- Gen Set Time 142.9 Hrs.
- Engine Time 196.1 Hrs.

Test History

Generator Set Model NO. 04045B03, Serial No. 0000003 was installed
(beginning June 28, 1979) in Test Cell 873 following Quality
Conformance Tests (ETR 79D63) and subsequent "purchase" by the
Army. The instrumentation list (Addendum F) includes a list of
parameters, types of instrumentation, readout equipment, etc.
All instrumentation was maintained in proper Quality Control
throughout the test.

Photographs 350363 through 350369 show, respectively, the control
room, TV monitor, load banks (see 7/5/79 below) generator set
installation, battery cart and fuel system. The installation
was completed July 3, and the initial check out, at ambient
conditions, was started. The following chronology provides the
pertinent events during this initial checkout:
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Date Gen Set Hrs. Event

7/3/79 29.6 Initial fire-up.

30.1 Had a "low fuel" shutdown. Found the
test equipment fuel valve wired wrong
and the CB-2 circuit breaker open.
Corrected the wiring.

7/5/79 30.2 Replaced a shorted K-5 relay which was
allowing the set fuel pump to run
continuously.

30.6 Had low T4 on fire-up--found the T1
temperature sensor failed. Replaced
the sensor with new part (Same P/N).

7/5/79 33.5 Had Ti and T4 fluctuations and fluctuations
on generator set voltage. Found the DC
control relays in the load bank "chattering."
Repaired the chattering by supplying
separate 28V supply to the relays. Also
added a grounded shield to the external
voltage adjusting potentiometer.

34.3-34.5 On five (5) occasions, the undervoltage
(U.V.) relay operated toope the main
contactor (CBS) and drop the load. In
addition, the load bank was not supplying
sufficient load (150 KW) because of the
voltage drop due to the long load lines.

34.5 Connected a second load bank to provide a
complete 150 KW 0.8 power factor (pf)
load.

7/6/79 34.5-34.6 Had 2 more U.V. relay "dumps" while
instrumentation was indicating 208 volts
on all phases.

34.7 Found and corrected a "short" at the K-7
relay. Did not correct the U.V. light
problem.

35.2 Overload relay dropped the load--increased
the setting by 1/4 turn clockwise.

.~ ~ ~ . .V . .. ....
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Date Gen Set Hrs. Event

35.5 Experienced fluctuations in T4--appear
to have exhaust recirculation. Wrapped
exhaust stacks. Had to add a fan to
assist the exhaust up the stack.

36. 3 Test equipment emergency stop switch did
not shut the unit down when checked.
Found the cable connector only partially
plugged in.

37.4-40.2 Completed indicating instrument test
(PD27 - MIL-STD-705, Method 513.1) at
ambient conditions (See Test Results).

7/7/79 40.2 Battery charging alternator would not
charge (hooked up to a load bank only)
until excited from battery (+) terminal.

42.5 Completed battery charging test. Started
D.C. Control test per MIL-STD 705B method
655). Batteries upstairs would not crank
the unit, apparently due to low charge
and extremely long (and small) battery
leads. Used the auxilliary set in the
special battery cart (See Photo 350368).

42.6 During the reverse polarity check (in the
D.C. Control test) the reverse connection
resulted in failure of the special diode.
(See Photo 348568 for a typical reverse
polarity system). A battery post was
damaged also, during an attempted battery
hookup before the diode was replaced.

7/9/79 43.0 Installed a new diode (Rev. polarity) and
replaced the damaged battery. Attempted
a reverse polarity connection and again
failed the system diode. Replaced the
diode again.

43.3 Successfully completed DC Control test
(MIL STD 705B, method 655.1), except the
reverse polarity test.

44.9 Completed rerunning the Battery Charging
test per PD paragraph 4.4.1 (See test
results).

-



79D87
Page 8

Date Gen Set Hrs. Event

7/10/79 44.9 Start of 1250F Testing

NOTE: The test chamber open tip and oilbath thermocouples plus the engine oil
temperature were raised to 125u+8OF

before starting each day's testing. All
testing then was conducted at 125-130OF
chamber temperature.

47.5 The frequency adjust test at 1250F (MIL-
STD 705B, Method 511.2) was completed
through the stabilization and max speed
adjustment. However, when an attempt
was made to reduce frequency to the 388 Hz
setting, the unit shut down due to T6
(turbine outlet) overtemperature when
frequency was reduced to 395 Hz. (See
"Test Results"). Had a high T4 spike on
the next fire-up.

7/11/79 51.4 The Regulator Range test (Method 511.1)
was, started but U.V. relay load "dumps"
occurred 5 times and the test was aborted.

51.6 One (1) additional U.V. relay load dump
occurrence preceded the discovery of a
broken wire which was intermittently
grounding the relay (K7). This broken
wire was repaired.

54.4 The Regulator Range Test (PD#29, MIL-STD
705B, Method 511.1) was completed.
(See "Test Results")

57.3 The Indicating Instrument test (PD#27,
MIL-STD 705B, Method 513.2) was
completed except the 150 KW, 0.8 pf load
point at 388 Hz (underspeed). This point
could not be run because of high turbine
outlet temperatures.(See "Test Results")

7/12/79 60.5 Completed the Frequency and Voltage
Regulation, Stability (short term) and
transit Response Test at 1250F (PD#17,
MIL-STD 705B, Method 511.2 See "Test
Results"
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Date Gen Set Hrs. Event

7/12/79 64.0 Completed overload relay test at 125°F
(PD paragraph 3.10.3.3 and relay print).
See "Test Results."

7/13/79 75.2 Completed Long Term F~equency and Voltage
Stability Test at 125 F per PD#20 and
NIL STD 705B, method 608.2;See "Test
Results."

7/16/79 75.2 Installed a second diode in parallel with
the first reverse polarity diode.

75.8 Had a shutdown, during the D.C. Control
test, when batteries were disconnected.
Found a loose connection at the new
diode installation. Shorted the alternator
diode trio during alternator adjustment.
Replaced the diode trio assembly.

77.1 Completed DC Control test at 1250, per
PD#37 and MIL STD 705B, method 655.1,
including the reverse polarity battery
hookup. See "Test Results."

78.4 Completed Run, Shutdown, and Restart
test at 1250 F (per MIL STD 705B,
Method 710.1). See "Test Results."

78.6 While setting up for overvoltage (OV)
and undervoltage (UV) tests, the external
resets appeared not to work properly.

7/17/79 80.3 Completed the "Circuit Interrupter - Over-
voltage and Undervoltage Test" at 125°F
per PD#26, MIL STD 705B, Method 512.3.
See "Test Results."

81.1 During the process of adjusting the
alternator regulator, while running the
Battery Charging Test at 1250 F, the
adjustment was overtorqued, failing
the regulator. The alternator was
replaced.

83.4 Completed Battery Charging Test at 1250F
per PD paragraph 4.4.1. See "Test
Results."

* d md m mm m l
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Date Gen Set Hrs. Event

86.5 Completed voltage dip and rise test at
1250F per PD #24, MIL STD 705B, method
619.2. See "Test Results."

7/18/79 86.5 Start of 600 AT Test

96.3 Completed 60 0 AT test from 810 (stabilized)
to 21°F with stabilization per PD 19,
paragraph 4.4.5.

See "Test Results." Found left rear T4
thermocouple was not connected onto the
junction block. (Added one (1) quart of
MIL-L-7808 oil)

7/19/79 96.3 Start of Test at 5000 Feet Altitude & 1070F

At 1070F and 5,000 ft. altitude, over-
temperature light is blinking at 148.2 KW.

100.4 Completed Regulator Range test at 5,000
ft. and 1070F per PD#29 MIL STD 705B,
method 511.1. Power was limited to
about 148 KW because of overtemperature
light blinking. See "Test Results."

103.5 Completed Frequency and Voltage Regulation,
Stability (short term) and Transient
Response test at 5,000 ft. altitude and
107F per PD#17, MIL STD 705B, method
608.1. See "Test Results."

7/20/79 104.8 While conducting the Indicating Instrument
test, lost the magnetic drain plug
"continuity" (yellow) light.

106.0 Completed Indicating Instrument test at
5,000 Ft. altitude and 1070F per PD#27
UIL-STD-705B, method 513.1. See "Test
Results." Note: Could not run 388 Hz with
148.2 KW load.

106.7 Extended power to 150 KW and obtained
data at 400 Hz. O.T. light still blinking
with observed T4 at 1944 F.
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Date Gen Set frs. Event

106.7 Start of Test at 8,000 Feet Altitude
and 95'F (l3B KW)

108.7 Completed Indicating Instrument test
at 8,000 ft. altitude and 950 F per
PD#27, MIL STD 705B, Method 513.1
with 138 KW rated load. Unable to
complete 388 Hz, rated load point.
See "Test Results."

7/21/79 108.9 On the first load application of the
day, to 138 KW (8,000 ft. and 950F),
the 9.T. light stayed on steady with
1950 F on the chart (T4 signal from
box). The load was cycled a few times
and the T4 temperature reduced to 1935
with the O.T. light blinking.

113.1 Completed Regulator Range test, at
8,000 ft. altitude and 950F, per PD
#29, UIL-STD-705B, method 511.1. The
overtemperature light blinked off and
on during the test at 138 KW (rated
power). See "Test Results."

116.6 Completed Frequency and Voltage Regulation,
Stabhility and Transient Response test, at
8,000 feet altitude and 950F, per PD#17,
MIL-STD 705B method 608.1. See "Test
Results."

117.2 Returned to Ambient Pressure, 1250F
Conditions. Completed overtemperature
safety device test at 1250 per PD#40,
NIL-STD-705B, method 515.2a. After the
OT shutdown, the underfrequency lamp
stayed lighted, even when the main
switch was turned off. Checked over
external wiring and underfrequency lamp
went out--did not take positive corrective
action.

117.2 Start of -250F Preparation and Testing.
Cleaned the magnetic drain plug of small
amount of "fuzz."

, ..
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Date Gen Set Ers. Event

7/23/79 118.0 Attempted start with batteries from upstairs-
no fire-up attained and voltage dropped to
17.3 volts. About 5-10 minutes later the
unit was found motoring. Removed the
battery connector to stop the unit. Closed
the manual fuel shutoff valve, hooked up
the set Internal batteries and motored to
clear the unit of fuel (if any). Again
the unit did not quit cranking and battery
cables had to be removed. Found the
starter solenoid contacts stuck closed.
Replac.ed the starter assembly.

119.1 Experienced a magnetic drain plug indica-
tion (light and aam) whitle conducting a

battery charging run.

119.4 Checked magnetic drain plug. Found sig-
nificant accumulation of larger chips on
magnetic drain plug and removed the unit
for disassembly.

7/24/79 119.4 Teardown 4. BUS on Gen Set
Teardo- o U n Enie
Disassemby of the generator set and the
engine gearbox revealed that the rear
bearing on the gasifier pinion gear had
faliled. (See Photo 350444), allowing the
pinion to move rearward and contact the
rear pinion bearing support. The long
motoring period at 118.0 hours, probably
with inadequate oil flow to this bearing,
appeared to be the cause of the failure.

7/25/79 119.4 Completed the rebuild of the engine and
generator set and started installation in
Test Cell 873. Replaced the auxilliary
battery power receptacle because it was
burned during the problems of 7/23/79 at
118.0 bourn.

7/26/79 119.5 Shut don two times to clean "fuzz" from
the magnetic draln plug.
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Date Gen Set Brs. Event

120.4 Re.ordings indicated significant T4 and
If spikes during 50 percent load transients.
With the droop switch on, no spikes
occurred. Ran a bench test on the ECA
and could find no difficulty. Subsequently,
adjustments on load pulse during the
ensuing run appeared to correct the problem.

121.3 Completed the engine-generator set checkout.

121.9 Completed preparations for -25°F start and
run. All DFA fuel in the system was
processed through Army H20 separator.

7/27/79 121.9 -250 Cold Test. Started the 24 hour cold
soak at 00:00 o'clock 7/28/79.

After 16.8 hours soak at -25 to -30°F a
formation of white material appeared in
the fuel sample which was visible in the
test chamber window. The fuel in various
supply drums and in the test chamber drums
was sampled with the following results:

Drum No. API Pour Pt Cloud Pt
B '7 <- -70

2B 39.7 <-70 -72
3B 39.9 <-70 -68
4B 39.9 -80 -68
5B 39.8 -80 -68
6B 39.8 <-65 -68
7B 39.7 -70 -68
8B 39.8 -70 -68
9B 39.9 -70 ---

10B 39.7 -75 ---
*12B 37.5 -50/-30 -4

*Test System 38.0 -45 -8

*The lab reported that the sample from 12B and from the test cell
systems were contaminated with some foreign material. When cooled,
the samples would form a "frozen" network throughout. But if these
samples were stirred, the network broke up and disolved immediately.
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Date Gen Set Hrs. Event

The -250 cold test was aborted, the fuel
system cleaned out and rinsed and refilled
with fuel from good drums. The gen set day
tank was drained and refilled with

good fuel; fuel was pumped through the
engine system as in fuel priming and
both fuel filters were replaced with new
clean filters.

7/28/79 122.2 Completed a battery charging engine drying
run during cool down.

Started -25OF Cold Soak at 0600

Following the two (2) mandatory 15 second
motorings, three cold start (-250F) attempts
were unsuccessful because light-off which
occurred during quick fill were not recog-
nized. The quick fill (fuel valve) current
was increased from 85 milliamps (nominal)
to 195 ma. Four (4) additional start
attempts were shutdown with "no light-off"
or "failed sensor" shutdowns.

The cold auxilliary batteries were connected
and two additional start attempts were also
unsuccessful (The two mandatory, 15 second,
mitorings were made before these start
attempts).

The unit was motored to blow out any excess
fuel and the start flow (fuel) adjustment
was turned to "max." The auxilliary
batteries were disconnected and more start
attempts were made with the set batteries.
During these the diverter valve was pecked
on, the fuel system return hose was capped
off, and start flow checks were made (100 cc).

The *uxilliary batteries were reconnected
for one start attempt (also unsuccessful)
and the warm auxilliary batteries were then
moved into the chamber and connected to the
unit. On the fourth attempt, 1320°F T4 was
reached but the unit shut down with an
overcrank. The fifth attempt with warm
batteries (the 28th attempt in 3 hours,
42 minutes) was successful.
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Date Gen Set Hrs. Event

123.0 After a battery charging run, the 24 hour
soak was restarted for another cold start
attempt. The chamber temperatures were
held at -250F.

7/20/79 123.0 Following the two (2) fifteen second
motorings, eleven (11) start attempts were
unsuccessful. Had fuel on cc checks and
could hear ignition. Facilities went
down due to surged unit.

Found the fuel nozzle had a plugged pilot
orifice--blew it out with dry nitrogen.
Two additional attempts with warm batteries
reached higher temperatures but the 2nd
of these was manually aborted because
facilities were not flowing air and recir-
culation was occurring. The -250F test
was again aborted.

7/31/79 123.0 The fuel system components were bench tested
with the following results:
Control Box - o Cold test--no affect.

o Changed sensing to
recognize light-off during
quick fill.

o Lowered failed sensor shut-
down from 2000 to 1000F.

o Changed quick fill dropout
from 8 percent to 12 percent
speed.

o Reset quick fill to 120 ma.
o Reset start flow to standard.
o Added 100 ohm buffer in If

circuit of test connector.
Fuel Nozzle - Flow satisfactory
Fuel Valve - Increased pressure relief valve

setting.
Spin samples and cold samples of fuel did
not show any indication of water. Fuel
samples from the primary fuel filter, the
day tank, and the secondary fuel filter were
analyzed for water content and, respectively,
showed .006, .005, and .006 percent H20 by
volume. The fuel specific gravity was .8276
at 60/600F.



79D87
Page 16

Date Gen Set Hrs. Event

8/1/79 123.0 Started the following action to achieve starts
on next cold test:
1. Circulating fuel through a chilling/filter-

ing system to try to remove H20 from
system.

2. Recharging batteries.

8/2/79 123.0 Found Army supplied water separator had come
apart inside. Sent to the Instrument Lab for
repair (This unit may not have been working
at any time!). Continued circulating fuel.
Reinstalled the fuel system parts.

Added "Prist" fuel drying compound to remove
any moisture from the engine system.

8/3/79 123.2 Completed a run to "low fuel level" shutdown
to run "Prist" dried fuel through the engine.
Drained the remainder of this fuel from
the day tank and replaced both fuel filters.
All fuel in fuel system chilled/filtered and
covered with a dry nitrogen purge. A fuel
sample from system checked 39.8 API and
.004 percent H20 by volume.

8/3/79 124.1 Completed a battery charging run which
should also have purged the remaining "Prist"
from the eng ne system. Starting to cool
down for -25AF cold test. Started 24 hour
soak at 17:20 o'clock.

8/4/79 124.1 Checked system - Gen set doors operated
satisfactorily. Fuel and oil samples
were clear. Completed 2 mandatory 15
second motorings.

Attempted seven (7) unsuccessful starts.
All were shut down va overcrank with a max-
imum temperature of 1550OF. The quick fill
resistor was clipped to raise the quick fill
flow level but the board collected frost
(apparently) and three (3) subsequent
attempts displayed odd quick fill current
levels.

Aborted -250F Test.

8/6/79 124.1 Removed ECA and T6 control box for bench
test. Also removed fuel pump and fuel
valve for bench tests.

~. J
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Date Gen Set Hrs. Event

8/7/79 124.1 Removed fuel nozzle, 3-way valve, 2-way
valve and diverter valve (plus lines and
bracket) for a "system" cold bench test.
(See ETR 79D30 for the results of the system
cold test.

8/13/79 124.1 Discovered a wire in the Control Console
which had the insulation worn off.

8/27/79 124.1 NOTE: Cold tests have been conducted, by
the Army, at Ft. Belvoir, VA; and design
engineering has determined the probable
cause of the start failures to be the
excess cold oil in the clutch because of
the mandatory cranks.

Removed the two paralleled reverse
polarity diodes and installed a single
large diode.

8/29/79 124.1 Circulating fuel through the repaired Army
separator and it is now removing some water
and other foreign material.

Conducted a shaker test on the control
console and found the entire wiring panel
exhibited significant resonant vibration
at 50 Hz (generator rotational frequency).
Repaired three shorted or broken wires and
provided improved protection for others in
the control console.

8/30/79 124.1 Reinstalled 3-way and 2-way fuel valves.
Chilling and filtering fuel in fuel system.

9/4/79 124.1 Installed a plug in the clutch cooling oil
passage to reduce clutch cooling oil flow.
Reinstalled a new fuel nozzle, a replacement
fuel pump and fuel valve and a new diverter
valve.

9/5/79 125.3 Completed check runs to correct fuel leaks
and to check operation with replacement
parts.

125.5 Completed battery charging and engine drying
run during start of cooling cycle.
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Date Gen Set Hrs. Event

9/6/79 125.5 Started on 24 hour soak at 00:00 o'clock.
Added 2 quarts of oil to raise level in
engine 2 qts. above full per new level
requirements.

9/7/79 127.0 -25OF Cold Test

The unit fired successfully (after the two
motorings) and the first portion of the
cold test (through the no-load engine oil
stabilization run) was completed. While
running with rated load, following the
engine oil stabilization, the unit decel-
erated and "dumped" the load on an "under-
frequency trip," then recovered to max
speed. An inspection of the engine revealed
that the inlet air filters were clogged with
frost.

Attempted to brush off the screens and blow
out the frost with dry nitrogen.

129.5 Maintaining -250 F chamber temperatures.
Made three additional runs, attempting
(unsuccessfully) to keep the inlet filter
clear. Finally removed the inlet filters
and installed filter shells only.

NOTE: Facilities had a heat exchange leak
allowing moisture into the cold system.
This was the cause the icing and frost
formation.

134.5 Completed Regulator Range test at -25°F per
PD#29, MIL STD 705B, method 511.1. During
the testing at 150 KW and 197 volts, the
overload relay dumped the load. The test
was completed without further problems
(See "Test Results").

137.9 Completed frequency and voltage regulation,
stability (short term) and transient response
test at -25°F, per PD#17, MIL STD 705B,
method 608.1 (See "Test Results").

NOTE: It was necessary to brush frost from
the engine and generator air inlet screens
on occasion during the tests.

138.0 Unit shut down with "low fuel." Added DFA

(dried) fuel to system.



79D87
Page 19

Date Gen Set Hrs. Event

9/8/79 139.0 While conducting the indicating instrument
test, the unit shut down for no know cause.

140.5 Completed the indicating instrumenttest at
-25uF per PD#27, MIL STD 705B, method 513.1.
See "Test Results." Started warming the
test chamber and started setting up for
-50OF Cold Test.

9/10/79 140.5 Completed setup for -50OF cold test with
the following items:
1. Set up to add JP4 fuel to the system

when the DFA fuel is used up.
2. Obtained new fuel and oil samples.
3. Set up for maintaining auxilliary

batteries at -25 with heaters built in.

140.6 Completed run to dry the engine while cooling.

140.6 Start of -500 Cold Test. Started 24 hour
cold soak at -20 o'clock.

9/11/79 140.6 Cold start was completed at -500 and the
unit was loaded, within 1 minute to rated
load (150 EW). The following chronological
sequence ended in engine failure:
Time(Sec) Event

0 Sl-ected start.

.35 Quick fill @ 180 ma.
1 Start of Nl increase.
2 Light-off to 400°F T4.
2.4 Off the quick fill to about 60 ma.
7.6 Start of rapid T4 rise from 4500F.

14 Start of MOP rise. if at 80 ma and
starting to cut back-T4 at 16800 F.

18.3 Control oil press "pegged" at 500
psig +, MOP - 10 psig, If - 68 ma,
Nl - 10,500 rpm, T4 - 18000F.

20.7 Control oil press below 500 psig.
21.4 Start of increase in N2.
38.1 Main oil press (MOP) - 130 psig

at maximum point.
40.0 If cut back to zero--awaiting

synchronous speeds.
41.0 Start of accel - NJ - 26,000 rpm,

N2 - 2350 rpm.
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Date Gen Set Ers. Event

Time(Sec) Event

43.0 N2 a 3500, N1 = 40, 500, If cut
to zero. T4 decreasing, frequency
- 449 Hz.

46 Ni back to 35,000 rpm, N2 back to
2650 rpm, start of clutch lock-up
and increase in If.

48.4 400 Hz steady, T4 - 9700 F, clutch
pressure - 130 psig, MOP - 100 psig,
control oil press - 215 psig.

60 Load to 150 KW, .8 P3., Max T4 -
15500F, 2 Hz dip in frequency,
recovery to 403 Hz.

70 Temperature increase from 14000 to
15900 with slow speed decrease to
386 Hz - Howl from Unit.

71.6 386 Hz starting to recover.

74.4 Recovered to 406 Hz, T4 dropped to
14000F.

76.2 T4 increase to 1550oF with howl.
Speed decreased to 398 Hz.

78.7 T4 dropped to 1450°F and speed
recovered to 406 Hz.

86 Unit emitted a loud "pop." T4 went
to 1920°F and unit was manually
shut down.

The generator set and engine were disassembled to assess the failure
damage. The failure and secondary damage are shown on Photos 351421
through 351439 and 351525.

Photographs 351430 and 351432 picture the failed power turbine roller
bearing which was apparently the primary failure due to lack of
lubrication. The other photographs depict secondary damage but
special interest should be taken in the gasifier front (Photo 351429)
and rear (Photo 351427) ball bearings which had extreme distress on
one side due to the heavy activity at the quill shaft which finally
failed at the seal (Photo 351424) which runs in the bushing located
in the aft end of the power turbine (Photo 351426).
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Following the replacement of parts, the engine was repaired and
was check run on test stand 887. Several problems and significant
events ensued as follows:

Date Engine Hours Event

9/17/79 185.6 Had to rework compressor cover pilot (.006
inch too small) to install the inlet
adapter. Start flow checks--40 and 66 cc's.

185.8 Obtained vibration signatures which showed
predominantly 50 Hz (output rotatioial) and
2500-3150 Hz (output gear tooth mesh
frequency). All levels were within limits
(AD5210-00006 thru 00008).

185.9/186.5 Had two magnetic drain plug indications.
Plugs were cleaned of fuzz.

9/18/79 190.0 Replaced the P/N 23000974 gasifier oil
transfer cap to stop an air leak at the
flange. Flange was on the old one.

191.7 Discovered T4 thermocouple guide tubes were
not in the proper positions. Reinstalled
them properly.

193.7 Completed engine check out. See "Test
Results."

During the engine repair and test period, this buildup, stiffeners
were installed in the generator set control console. The engine
was reinstalled in the generator set, and on September 20, 1979,
the generator set (S/N 0000003, Buildup #6) was reinstalled on
Test Stand 873 for a final checkout prior to shipment to the Army.
The unit was checked out through the speed and power range, parallel-
ing systems were checked, load sensing was checked at 3.0 volts
and the Delco monitor was checked (minor adjustments) for agreement
with the standard instrument. The exhaust covers were installed
and functionally checked. Following the generator set final check-
out, a shaker test was conducted indicating that the added stiffeners
had significantly reduced the 50 Hz vibration in the wiring panel
and adjacent control console components. (See ETR 79D65.)
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The generator set S/N 0000003 was prepared for shipment (including
repainting) and, on September 24, the unit was shipped to MERADCOM
Ft. Belfoir, VA. The following additional items were included
in the shipment: (The unit oil and fuel systems were full, the
batteries disconnected and circuit breaker open.)

1. One box of extraneous load bank instrumentation parts.

2. Exhaust (engine and generator) ducts and supporting structure.

3. Load bank that had been used for extra loading on this test
and for all QC tests.

Test Results

Prior to the start of the environmental tests, several of the
required tests were run to check the unit and test techniques at
ambient conditions.

The Indicating Instrument test- PD#27 (513.1) data, tabulated
on Addendum A, pages 1 and 2 indicated phase to phase voltageswere out of limits at the following conditions:

1. Phase 2-3 with 75 percent load at 388 Hz and 400 Hz frequency.

2. Phase 3-1 with 75 percent load at 388 Hz, 400.Hz, and 412 Hz.

3. Phase 2-3 with 100 percent load at 388 Hz.

4. Phase 3-1 with 50 percent load at 388 Hz. /

5. At 100 percent load and 412 Hz frequency, gen set data were
nct taken.

The Battery Charging test at ambient conditions per paragraph 4.4.1
was completed and the results are plotted on Enclosure AD5210-00009.
These curves indicate good regulation from minimum current to over
60 amps with about 0.2 volts drop at the higher loads. (See results
of test after D.C. control test .

The D.C. control test was attempted three times. On the first two
tests, the reverse polarity test resulted in a failed reverse
polarity system diode. On the third test, the reverse polarity
test was deleted and the remaining results were as follows:

1. There were no apparent operational problems resulting from
disconnecting the batteries.
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2. There were no voltage spikes (on the oscillograph voltage
records) at any time.

3. With 28.4 initial DC volts, the following changes occurred
when the batteries were disconnected:

3.1 T4 temperature decreased from 1690°F to 1659°F appar-
ently due to dropping the battery charging load.

3.2 DC voltage increased from 28.4 volts to 31.6 volts
for the same reason (See Battery Charging Test below.)

3.3 Exciter current increased from 2.287 amps to 2.322 while
exciter voltage increased from 7.047 to 7.212 volts.

3.4 Frequency, load, AC voltages, AC currents and other
parameters did not change significantly.

3.5 Voltage and frequency bandwidths remained well below
limits at 0.2 and 0.1 percent respectively.

4. With 25.9 initial voltage setting, the following changes
resulted from disconnecting batteries:

4.1 T4 temperature dropped from 16520 F to 16400F.

4.2 DC control voltage increased from 25.9 to 28.0 volts.

4.3 DC current dropped from 4.4 amps to 4.0 amps--reason
unknown.

4.4 Exciter current increased (2.263 to 2.318 amps) while
exciter voltage increased (7.120 to 7.429 volts).

4.5 No other parameters snowed significant change.

4.6 Bandwidths remained at about 0.2 and 0.1 percent for
voltage and frequency respectively.

5. The test was not run at max voltage because of the concern
that the reverse polarity system diode would be affected.

Because of discrepancies in loadano-load voltage during the battery
charging and DC Control tests above, the Battery Charging test
was rerun and plotted on Enclosure AD5210-00010. These results
indicate about 1.5 volts drop from no load to loaded (60 amp)
condition. The reason for the discrepancy is unexplained unless
the reverse polarity diode failures affected the alternator or
its regulator.
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The data for the Frequency Adjust testing at .mbient pressure
and +125°F temperature per MIL STD 705B, method 511.2 are
tabulated on Addendum B, page 1. These data indicate that the
+3 percent limit could not be reached (411 Hz ma ) and the
unit shut down with a T6 overtemperature shutdown when frequency

was reduced to 396 Hz with 150 KW load. The no load testing
was acceptable except 411 Hz was maximum frequency attainable.

The test results of the Regulator Range test, at +125 0 F. per
PD#29 (511.1), are tabulated on Addendum B page 2. The data
from the Standard Instrument indicated regulation was well
within the one (1) percent limit. The Texas Instruments (T.I.)
recorder appeared to have some hysteresis;and thusly, results
from it indicated regulation in the 1.91 to 2.72 percent range.
This discrepancy was not resolved.

The test data from the Indicating Instrument test at +1250F
temperature per PD#27 (513.1) are shown on pages 3 and 4 of
Addendum B. These data indicate good agreement between the
generator set instruments and the "standard" with only one
voltage (3-1 phase at 400 Hz) out of limits. The 100 percent
load at 388 Hz could not be run.

The data from the Frequency and Voltage Regulation, Stability,
and Transient Response Test at +125OF per PD17 (608.1) are
shown on pages 5 and 6 of Addendum B. These data indicate that
the frequency overshoots and recovery times were out of limits
at 75 and 100 percent load. This is as expected, and the proto-
type units are not required to meet these limits. In addition,
the voltage regulation was out of limits at all load changes
except 25 percent. These data were transient, taken from the
T.I. recorder. (See the discussion on Regulator Range test,
above, for further information on regulation.)

Though eliminated in the Test Request, the overload relay test
per PD paragraph 3.10.3.3 was requested at 125OF;and this relay,
as expected, failed to meet the Purchase Description (PD)
paragraph 3.10.3.3 requirements. The time results were as
follows:

Phase *Load Operating Time

3(C) 200% 1:12, 1:27, 1:27 (Min:Sec)
130% > 10 minutes

2(B) 200% 1:27, 1:14, 1:14 (Min:Sec)
130% >10 Minutes

1(A) 200% 1:14, 1:12, 1:13 (Min:Sec)
130% >10 Minutes
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Phase *Load Operating Time

1,2&3 110% No load release in 2 hours.

*The overload was simulated to the relay by using special current
transformers on the load lines.

When the relay is set to operate in the 8+2 minutes at 130 percent
load, it will release the load when running for long periods at
100% load (150 KW).

The data from the long term frequency and voltage stability test,
at 125F, per PD#20 (608.2), tabulated on Addendum B, page 7,
indicate a maximum long term bandwidth of .56 volts or .47 percent
of rated phase-to-neutral voltage (120V). This is within the
required limits.

The data from the DC control test at 125OF per PD#37,MIL-STD-705B,
method 655.1,did not indicate any operating difficulties (except
those described in Test History due to diode problems) or any
voltage spikes during operation with, or without batteries con-
nected. Incomplete hand data prevented analysis of the DC
current and voltage relationships during this test.

On the run, shutdown, and restart test per MIL STD 705B, method
710.1, the unit completed the test without any difficulties.
As expected, the shutdown, from rated load condition, caused
more severe overspeed due to the high residual temperature in
the regenerators. This overspeed reached about (off the chart
scale) 460 Hz or 115 percent speed. The restart required about
23.7 seconds to reach 100 percent speed.

The circuits interrupter-overvoltage and undervoltage test, at
1250F, per PD#26 (512.3) provided the following operating times:

1. Overvoltage step applications from 208 volts to 271-272
volts resulted in the overvoltage relay opening at .170,
.182 and .171 seconds on three tests. Two of these are
slightly faster than the .20±.02 second limits.

2. Undervoltage steps from 208 volts to 161 volts resulted in
the main circuit interrupter (CBS) opening after 2.840,
2.840 and 2.843 seconds on three (3) tests. These values
were within the 3+1 second limit.
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Enclosure AD5210-00011 contains the data from the battery charging
test at 125OF per PD paragraph 4.4.1. The battery charging
alternator was damaged during the test and was replaced before the
minimum voltage portion of the test. As may be seen from the
enclosure, the minimum voltage adjustable was 27.9 volts at 3 amps.
The curve for the minimum voltage setting on the replacement alter-
nator did not have the same characteristics as the unit that
had been damaged. A short time short circuit was applied across
the alternator without damage. Current limiting was not checked.

Page 8 of Addendum B contains the data from the voltage dip and
rise test at 1250F per PD#24 (619.2). These data show that all
voltage dips and rises were within the 15 percent limit, but
the percent rise values, during load dump, were as high as 14.9
percent, which is very marginal. Recovery times were very fast
with a maximum time of .0925 seconds which is .26 percent of the
.35 second limit.

Enclosures AD5210-00012 and ADS210-00013 contain the basic engine
and gen set parameters during the voltage and frequency drift
test per PD#19 and paragraph 4.4.5. This test was run with end
points at 810F and 210F. The data from the above referenced en-
closures show the following:

1. Power, regulated voltageoil temperature, generator cooling
air differential temperature (T) and generator set
cooling air differential temperature experienced only minor
changes.

2. T4 dropped from about 16700F to about 1440oF or 3.83 degrees
for each degree reduction in inlet temperature.

3. Frequency increased about 1.7 Hz (.43%) while the generator
set instrument indicated a decrease of 2 Hz (0.5%). The
allowable limit for drift was 3.0 percent.

4. Engine exhaust temperature decreased from 545°F to 470°F or

1.250? per degree of inlet temperature change.

5. Exciter voltage decreased 1.16 volts (15.83%).

6. Exciter current decreased .10 amps (4.35%).

Page one (1) of Addendum C comprises the test results of the
regulator range test at 5,000 ft. altitude and 107°F per PD#29
(511.1). These data again show the regulation, based on data
from the Standard Instrument, is well below limits with a
maximum value (at 219 volts) of 0.71 percent. The T.I.
recorder indicates a maximum regulation error of 2.40 percent at
197 volts.
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The test results from the frequency and voltage regulation,
stagility and transient response test at 5,000 ft. altitude and
107 F per PD#17 (608.1) are tabulated on pages 2 and 3 of
Addendum C. These data indicate the following parameters
were out of limits:

1. Unload overshoot on frequency at 75 and 100 percent loaddumps.

2. Unload recovery time on frequency at all loads but 25

percent.

3. Load recovery time on frequency at 100 percent load.

4. Voltage regulation during all load changes except 25 percent
load. Note the differences in instruments reported in
discussion of voltage regulator range test above.

5. Unload recovery time on voltage from 100 percent load.

Addendum C (pages 4 and 5) contains the results of the Indicating
Instrument test, at 5,000 ft. and 1070F per PD#27 (513.1).
The instruments in the generator set were within limits compared
with the Standard Instrument except for readout of voltage as
follows:

1. Phase 3-1 voltage at all tested speeds with 75 and 100 percent
load were out of limits.

2. Phase 1-2 voltage was out of limits at 75 percent load and
388 Hz.

3. Phase 2-3 voltage was out of limits at 100 percent load with
400 and 412 Hz speeds.

In addition, the rated load, 288 Hz condition could not be run
because of high operating temperatures.

Testing at 8,000 feet altitude and 95°F was initiated 7/20/79 and
completed 7/21/79. The test results from the Indicating Instrument
test at 8,000 Ft. and 95°F per PD#27 (513.1) are tabulated on pages
1 and 2 of Addendum D. Again, the rated power (138 KW could not
be run at 388 Hz due to high T6 temperatures. The remaining data
indicate that the gen set instruments agreed with the Standard
Instrument except on voltage phase 3-1 at all speeds with 75
percent and rated load and phase 2-3 voltage at both speeds with
rated load.

NOTE: In all tests at 8,000 ft. and 950 F, where rated load is
137.5 KW, the part power points were run at 25, 50 or 75 percent
of 150 KW.

--. . . . . .
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The test result8 of the regulator range test at 8,000 ft.
altitude and 95 F per PD#29 (511.1) are displayed on page 3
of Addendum D. As in the tests at other conditions, the data
from the Standard Instrument indicate all regulation is well
within the 1 percent limit (.35 percent max at 197 volts)
while the T.I. recorder indicates values as high as 2.18 percent.

The attached pages 4 and 5 of Addendum D contain the test results
of the frequency and voltage regulation, stability and transient
response test at 8,000 ft. and 950F per PD#17 (608.1). The
following conditions were out of limits (this prototype unit is
not contractually required to meet frequency overshoot, undershoot
and recovery times):

1. Frequency overshoot was out of limits when unloading from
75 percent or rated load (138 KW).

2. Frequency recovery time was out of limits for 50 and 75
percent loads and for rated load (138 KW).

3. Voltage regulation, based on the T.I. recorder data, was
out of limits at 75 percent and rated (138 KW) load.

The overtemperature safety device test at 1250F per PD#40 (515.2A)
resulted in 174 KWT and 2020OF T4 at the time of the overtemperature
shutdown. The engine actually decelerated along an acceleration
fuel schedule until an underfrequency relay trip dropped the load.
At about this same time, the O.T. shutdown occurred.

The gasifier pinion bearing failure and the various problems during
the early start attempts at -25OF chamber soak temperatures are
documented in the Test History. The special tests resumed 9/7/79
on the -25OF cold test.

The fire-up and loading to 150 KW within one minute with -25°F
temperatures did not present any problem following the installation
of the clutch cooling oil reduction plug.

The first special test at -25OF was the regulator range test per
PD#29. Addendum E, page 1 contains the results of this tesxt
at -25OF per PD#29 (511.1). As in the other regulator range tests,
the data from the Standard Instrument and the T.I. recorder
disagree. The unit meets all requirements based on data from the
"Standard Instrument" which measured a maximum regulation of .260
percent at 197 volts.
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Addendum E pages 2 and 3 show the results of the frequency and
volsage :egulation, stability and transient response test at
-25 F per PD#17 (608.1). These data indicate that the only para-
meter ou: of limits was voltage regulation, based on the T.I.
recorder results.

On the Indicating Instrument test,at -250F per PD#27 (513.1), the
phase 3-1 voltage was out of limits at all conditions except
388 and 412 Hz with zero load. All voltage readings were out
of limits at 100 percent load and phase 2-3 voltage was out of
limits at zero load. These data are tabulated on pages 4 and 5
of Addendum E.

The remaining environmental testing through the engine failure
on the -500 cold test are reported in Test History. The engine
performance, during the check run, is plotted on Enclosure
AD5210-00014.

All line recordings and hand data are filed with the test folders
under ED05210-01, P568-06.

-. £
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27 .513.1 PANEL INSTRUMENTATION

ZERO LOAD- KW +'. "Z. -"1. --

FREQUENCY . +,7 -t i/

VOLTAGE 1-2 --. -1.3 ±_/.s(. v

2-- Y-.'1 .s
3-1 - .L4 t + . _

CURRENT 1 c +1

2 .o.y

3 -+1 .y . .

Z5ZLOA_-ICW +.3 +Z.3 +o.1 -

FREQUENCY +1.7 +.9 } 31'?

VOLTAGE 1-2 1.51 -vq j. ____

2-3 - _ - -! -I.SV

CURRENT 1 -2.4 -1. ) -.4.

2 +. +, Q.

3 -7n z --,7 , .o.q

SO5LOAD-KW "._3 ± . -

FREQUENCY +7.. ±39f___
VOLTAGE 1-2 -h__ -I.q -I. ±-',qv

2-3 + ±,Z±).%V

3-1 -2 -1... -s.c) ±;.v
CURRENT 1 1. -. Z -12. __ _

2 +Z- -+. ±JOAJ

3 -j n.2 a... ±',~



DD EMD vlA,7 )aye
-25 F CO L 7 E-7- /'F,'1/- A-ero

75% LOAD- KW 4), +1.7 1.8 -

FREQUENCY + .z 0 ", . t .-

VOLTAGE 1-2 -,3 -1. 7 ./ 1. v

2-3 - -. ? -,4, Sil.4_.

3-1 . i ± -. stV

CURRENT 1 Z 3, , ,7_ -lO.4R
2 -/3. +3. fa + 3. o

3 -I____ - ,2 -I. o ___o___

100% LOAD-KW -".j +3.Z -i.,7 -

FREQUENCY - 19 ,~ J ±J

VOLTAGE 1-2 ± h, V

2-3 1. s%

3-1 "i ,sV

CURRENT 1 - ., ..- --. ±O, jA

2 Y,- .±9i.3 13± 7J -tlO,;A

3 -- _ -2.1 _ . A

... .. -" i i / l i / ll/ l li l l l lll l a
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27 513.1 PANEL INSTRUMENTATION

:~~Ld.L - - 7-.;', LJPt LT

ZERO LOAD- KW I' 4 " L'. -I

FREQUENCY -tZ. ""-. 2" 2.Me

VOLTAGE 1-2 o ±-.i'I,

2-3 o. C - . -. 5,fV
3-1 -C0.s 4 + .7 l.!;.v

CURRENT1 -1 2. 2 - I f10rA

.. A2 -. - -I __ __

3 +iz *. --

25-t LOAD -KW +

FREQUENCY _ Z. * I I.

VOLTAGE 1-2 -0.5 0 - 0," 7- I.vS&
2-3 -o.- -0.3 -C..,bVSbi(

3-1 - o.'7 - .:iv

CURRENT 1 - I -O.LqA

2 -LZ1. + -1 t.I -t.,JA

3 *o.2 -o.-V - .4 ±0O.2.
.500/ LOAD- KW "4 3 - " T

FREQUENCY 1 2. 0 " I

VOLTAGE 1-2 - Q -0.3 ±.56V

2-3 - 2- -0.2. ±1.(.V
3-1_. -t :' _._~

CURRENT 1 7 - ±. , o.M

2 I +3 -I3.9 ±10.4A

il [ = , _ _ ,_ .: :. .. .. .... .. ... .... .. .. . _; ,, .. .:... .. ... . ... .. ... . .. . .. .. . ....



-4M.96.1__ ew P7// /00-

75% LOAD-KW + Z.. t~ _____

FREQUENCY 2.2. + tL 3 Ht

VOLTAGE 1-2 -j . -0-1 -o-4- 1L
2- 3 .____. ___

3-1 . ,&

CURRENT 1- ~~ ±I5

2 4. ±47T t-

3 t . . -(a,!) ±Jo.Q a

1oo% LOAD-KW +__" -

FREQU NCY 2 - 2. -

VOLTAGE 1-2 0.2-- I, 5V

2-3 ____ ___ _

3-1 iLL - __._V

CURRENT 1 - ,. - =o.A
2 -+ jl -t 104

-3 ±10.4A~~



-1)7SF )r F I IAL F-r~r -
Fg~QUEmcy AD~JUST TTT. LS U-M.Z I- IX

S.U54 - L~L-V lI 0 N.J J9OO-jSO'T~tYjP
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27 513.1 PANEL INSTRUMENTATION )AsI$'rA r E'emol

h 1.L *%oftW@L& L.Jt'IL

ZERO LOAD- KW -+2 - 7- ---

FREQUENCY . -_Z 4iL t3,1'

VOLTAGE 1-2 . -, -*. ±/3$6

2-3 -±Z /.s6 v
3-1 _-..4 :.t - 7 /. s v

CURRENT 1 4/ - / 7 -/ .,,..,
2 ±_I__ _ _. .a V_,

3 // -/,,

ZZLOAD-KW +2.8 ",*2.8 .3 -

FREQUENCY /.S. 1.5" '.0 ±3 Ht

VOLTAGE 1-2 ,'./. ._ 0 1.5(. V

2-3 -/ 0 0 -JSV

3-1 -, -. Is(. -. v

cuE 1 T -/.7 -1.2 -o.

2 +/./ 7/.,0 -. 1 - so.,A

3 - -,8 -1.3 _o,,_q

.SO'%LOAD- KW 432 43.3 43.3 -

FREQUENCY #2, 91 -.- ___-4_

VOLTAGE 1-2 4./ L , . 2z -6 v_

2-3 -t..c ,.6 ±.5.v
-z - - -/ .s .

CURRENT -1.5 -,Z _,o,

2 42~ 3.0 _____i,

3 -. ±Oq



'PL46 D w au 0 jqe'

27 S1J3.1 PAAIVL JAJST'Rur1PJTA7-1ojj *IZ! *F
/NAJM,44'vyur Zr,,e .

.75% LOAD-KW -ZL +2,4 ±LZL.7

FREQUENCY +1. ___A

VOLTAGE 1-2 -Cj-0,2O.Z -04

2-3 zz I_ 9/. St.

3-14 1 -//p4/ __ _ _ ±,5(pV I

CURRENT 1 2913.Z_ ±10.14A
2 S ft-1,._ _ _

FREQUENCY ____ / / 3)He

VOLTAGE 1-2 ___,3 ____ ±1.5W

2-3 7 L,, 1/2 .56V_

CURRENT 1 ___ tZ 4 L,oLJA

2 vo V 7 3#'~'t7
3 _ _ _ _ _ _ _ _ ±10.4A



-I)-Z.5 0 F CoM.DlT-lOA.LS-

17 608.1 FREQUENCY AND VOLTAGE REGULATION, STABILITY

LIM ITS 13A ND W41DmH 0LO AD 5
NO LORqD 1

Ahr 'k~~,jar RE-ULATIN i2___
U P4LO A D 0VE-R 5 COTL J.L

RCOVER~yrM Y ~g 7'SME'

LOAD UNDLFRSuco ...0L ..7
RECOVERY TIME~ I__ ______Ssu

FULL LOAD RD&rS

6A AJ D W iDTH ftLWO004a kr
sMO LC0AD 08-

PGUL IONI,/p ,o
U1ILOFAb OVEP.5H00V-p

LOAD UN~DEP,514OOT

R-CTCOVE7RY -Fl'1m -

-3,VLOqDRAD1PJ&k-__
13AND WlDTH1 QLOAD Ale& ____

NO LO AD A/ub

UIUJLORD OVETR5HOOT

RCOVERYTP) 77M -- zt
LOAD L/AJDGRSkOOr i 2z

RCO VER Y 71 ME * Zs

1/ LOA DR, E-A D ING S
SANJD W DT4 RLOAD

M0 L.CV1D

UNALOAD OVE'RS11OOT /0'
RECOVGRY T076' /sd4L.r

LOAD UMDERSk.IOT t Ai. 0 -

IZECOVERY 11MEt */)SJC



/7 608.1 e -9 veAxCY Vo4I L-bw&s WZ&f7vOxAo',
SrVSC/ rY 0AA0 7ZA Alf. £i-S.AA 4 F eVi X 1141/&1

t7AD'WI4DTH(0-LOAD Al t&T

gELAD oyesoo

RECOVE-RY Y7ICe1 0---

FULL LOAD1 RC-DIJ S--. - .
SAADWIOPIML A&

VA.LLOAD CVG-RSHOOr -3.3 3

LOAD UAJC-P511C)CI' .7__5_/0

PEC-OYC-PY "rWt

cove ~ ----- --rJ' -- 3 L



-, /Z~ ""cCoA'A~ j?7VAef

-~ZI 17-'AO 7. p

2Te-IO -t// ~/+1Z'.yV
-72exe

*X 7 / IN ~ I~ Z~~'' Lo- i. Z 4/, -2

SA1/f 7- ~ 7-C'

- 4~r Z Lv # J.k1,0,'7qL.

- 7%

ZO IL 2 Z,Z 9

.8%

?llfhI-4e-A/0 7Fg4f 1., / 1L, 36 v
/-A ~ i7

T~R A V



VA/S -OV-0d*. 1101'.40ed drA0O44rQ~v'4G

Vx Zpr PptrAtea

£ -e oweo.r ozr~vo4i wor.re

Va (vD - V D)'A./V

I"O 5TCTIO0N tr 7 57 ,V&. 4/,?,r

Vd. /Z5%Z
~~X r.~ 4 z~5 .7.5L (. /5)E I

VOL7 ,5QI-T qls4: zDURA16 F-t-ILL zoAQD DUMp

-~ Ale L-A o 64.o L6 Or * Pr"e 7-.IeA7r"r

V - oo*D~gO Y'1t.,-dqau edroaer 7-.qAdSdr,4.,r

Re. -MAX -,'X - Prx 9MPt-i-OC v0E U4,im4 7ZqdCA4 d

1'7CMo I;M77N 6 8 ,41va

Vc AW7. /-7. .20 /o)
vi.. /2.'c 142-2.0 .;%. oQz~

A/h' .2-17 -Z9'~ -'9

,GcoV rC 2Y w 7.V -0/ . 2 fCM 0 S.Se 921 -125$5

Vg~i-A (p. Vi 44.o/ .
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7-1 '4/1 Z 1 01,

1.3470

________ - 1.28,g

l~~~7VM D1 1ZSUTq j~-

7 v TZI-ZL=' U(.2

plj ~ ~ __ ____ ___ ftt-- o

Igl3 P7// Ve7~q7
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17 608.1 FREQUENCY AND VOLTAGL- RLGULATION STABILITY

(SHORT TERM) AND TRA,'NSILENT RESPONSE (MIAY VA LVL &)

LIM) TS 13AND WIDTH (-%LOAD s5

R-LJLATICN*.A.4
ULjOA~D OVC-R!:5IICoT .. J%.

R ECO VE R Y -n m E - 35 E
LOAD UPD--IZs l(-____

RECOVLEFll Tim- S 1;
FU~LL LOAD RD&rS______

6AAMD WIDTH 0LOAO D Alr&

REG UL AITOPI z5X

UNLOAD OVEF'P0'5 "9:-OT 3.33%

LOAD UNDC-7V)10 - .248%

-5/c-LoqD A~iMTiF

BAND wi JJDT (LflAD
?'LCAD 2Z4

RC-ULAThO N
L)AJLORD CViE7,C51IOQT 4 A.

?EC.OV~r-Y 7P1MEt7C
LOAD UNAjDCGP.:iI('r ss 4j*

RCOVERYr~1 7'IMF g= .Zi

VZ LOA D RE-ADIlMcS_
13 lD W I D-rk(Q .0 AD _____

LJAJLORD OVE~Pni10O-O1T 1C

R E C VC- R /',%7~ CL-1I&s AI&.

LOA4D UNDEPRSHOT ns/Z.A'/a



17 (CourT) 408.) FRQUAJCV )RAJO V(2L iI-)6 F-C6ULTJCoA/, 5TABJL)TY
(S1102T TE2RM) Ajr, TF AJ~jeAIr 12ESPOJIC (M~AX VALOGS)

'LOAqD READ A6 S.

13ANDWIDP((P L'rIDlc-

R.EG UL ATiO 0 RIA'
LJAJLOAD OVEP.S5LQ0t __

R e o v c-rzY 7'/ M E

LOR9D d1A0C-R-/1'OQT 4 '
RECO VCR- Y 7 YMC'IFULL LOA )P C g I N 6 -

A D WI DTIrL.)Fr 0__ n2~

EG UL(1 A70A
2EXLLAD0vrFzOAJ o

REC OV r- PY * I I -C a
LOAD LJAJDGPI?5II'Or ,75/

FJC.OyrlZY '1Thlqf 42505&C

*- JELL6IeLL-



5-cC , T, Ic7"F

27 513.1 PANEL INSTRUMENTATION

ZERO LOAD- KW - t -' + -7 -

FREQUENCY C. t ±3 #e
VOLTAGE 1-2 a t -/.Y V

2-3 456,_ V -

CURRENT 1 - I -t . - .- [ , '/.

2 t 2- _- lY

3 1z... L tL.
2.5LOAD-w !.i +7. -

FREQUENCY Q (o ±3 tit

VOLTAGE 1-2 C.Q_ t -.- O.L i6 V

2-3 . - 1.0 ±l.SbV
I ~3-1 tI' I I' .SiV

CURRENT 1 I_ -07 f.A
2 -t Z.I .. I _-'-o,IA
3-0.€ -o.07 - i. I _1o.,

50% LOAD- KW -t wj. "5 -

FREQUENCY ... L... +± I..L.. 314f

VOLTAGE 1-2 - 0.4- 0 1L(Dj ±1.S6V

2-3 n j J. 7 __.S,V

3-1 AA. zL4~ L ±I.S6

CURRENT 1 -e O . /0o.4A

2 -t. , . " "7 + . -t4,"k ±10



SC Ff- 1cTp _ _

75% LOAD-KW s -

FREQUENCY t

VOLTAGE 1-2. Ato I

2-3 ti t.5'- 4-J5~3-1 rZ +- ,5(.

CURRENT I - , -_, - -

3 -. 5 -t _ ."5 ±o,

100% LOAD-KW 4 "s 4. -

FREQUENCY t" I (o t ,

VOLTAGE 1-2 C___ ± I, /
2-3 _I,_ _._

3-1 * I. S(.V

CURRENT 1 ___o,___

2 _t_ ji7~ 1*

3 Z___~-0 1-10.4A



80oC -7", 9?5"F

27 513.1 PANEL INSTRUMENTATION 1A//Imv-fjO

ZERO LOAD- KW . ._ L *? -

FREQUENCY - J ±3/fe

VOLTAGE 1-2 - 0.5 4 .6 V

2-3 - 0.6 -0.5 -05 -±/.S6V

3---1 _- _t 4 S.V
CURR&ENT 1 + +. +m ,, t

2 + + t I-\fo,
3 + I + + &,oq

25ZLOAD-KW + ."j "5.. -

FREQUENCY 0 0 -- 3 I

VOLTAGE 1-2 -00?. . -0.7. tI.S&V

2-3 - 0. 0. - 0.4- ±lstV

3-1 __ -0. -. 6 0..-v

CURRENT 1 - -Q.- .t)o.J,

2 t9 - Z. "+l. 5 o.MA

3 -12. _ 0 ±i0_.o R

502 LOAD- KW j " -

FREQUENCY ~ ~ ~ 3q t

VOLTAGE 1-2 +0.Z, .Q .. -I.$&V

2-3 jQ" ±. _______

3-1 -I7 -0.* _-.s ,v

CURRENT 1 - L -1. iHo.SR

2 7 0,. ± - 1 0o,,
2 ~ O .ZL I&



Z) E ;J D e,,m7 i~F 2

,75% LOAD- + 7r -.4 + 7. -

FREQUENCY Q~ 0 (7 ± aye

VOLTAGE 1-2 1..J - .I-/iL

2-3 -j.9 --.1 -1L ._ iS V

3-1 +1 Is( J v

CURRENT 1 _1o.___

2 5 - 4.1 1 B 2.5 ±/,1q
3 - . -0.4- -1 .4- ±_J0. V4l

1001 LOAD-KW ______. " -

FREQUENCY 0 0 _-___

VOLTAGE 1-2

2-3 2. .f( 1
3-1 . i I.$gV

CURRENT 1 -.Zie, tio,YA

2 +5._ ' -t .- t10A..A

3 ___ j -10 ±10.4A
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17 608.1 FREQUENCY AND VOLTAG,' REGULATION STABILITY

(SHORT TERM1) AND THANST1NT RESPON~SE (M~AY VLLOLS)

LIMITS BANJDWIDTH P LOAD .5% 4A
No LOAD L-.

UN 4LOA D 0 VER 5 HOOT -~ z t 5- 1 9..

LOAD UNDC-;SIfO(.T 1.5________ ___________

FULL LOAD R ________________

U~~4LO 41 OVER flOT /

RGUL ATI ON
UNJLOAD OVC-5710SIIOOT 3 S

LOAD UNDGP'uIC1O 1 AOO

VZLNO9 LOADJ0s_

(JJLORD OV.F5JIOT

LOAD LADGP~RiCOT 2m~.

RC-COVERY 71ME .1je

-/ LOA READNGS



17I (Cour) 608.) FZQUEJCV RDJ0 V(.' II-)(%C RCE6ULITJOA, STA8LI.TY
(sHqoR- 7F2 iin) AWj -7P/IAIS~cijr mspoAjsc (I-1At vstLugs)

%LOAD READ 1 M6 S
RA ND w'i rn____A_

RE~G ULRTIO AJ.5te

LJAJLOAD OVEP:M00O1

La/iD 1AIDC-9 511'007

RZECOVERflY 77YML-
FULL LOA&D RCe'RDIJA65

13 B N O wJ D T O Ix t .'l )

12 E LLTIDOAi0=7
ULAOD CVC-P~t OarGT' ~ 3o

RECOVEY Z 4/zSr

LOD AJbGP, 51177 ()T /,p i " /
.C-oyzpy 1ThL *±i ___
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-50OF COLD TEST BRG. FA ILURE. GEN. SET #3, ENG.T3, B.U. 7. 351431
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-500F COLD TEST BRG. FAILURE, GEN. SET #3, ENG.T3, B.U. 7. 351432
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